Objectives. Prehypertension is an early stage of hypertension that is characterized by inflammatory factors. Inflammation also plays an essential role in the development of coronary atherosclerosis (CAS). The present study evaluated the NALP3-inflammasome and its related genes, NLRP3, NOD2, and CARD8, using SNP linkage and gene haplotypes in prehypertensive patients. Methods. A total of 576 patients with prehypertension and suspected coronary heart disease (CHD) were enrolled. According to coronary angiography, patients were divided into two groups: arterial stenosis <50% of the diameter (control) and arterial stenosis >50% of the diameter (case). Fifteen polymorphisms in the NOD2, NLRP3, and CARD8 genes were analyzed, and serum levels of C-reactive protein (CRP) were measured. Results. When comparing allele frequencies, none of these 15 SNPs in NOD2, CARD8, and NLPR3 genes showed a significant difference using multiple logistic regression. However, the CTACATAA ( = 0.0064) and CCACATAG ( = 0.0126) haplotypes of the NOD2 gene SNPs were significantly different between cases and controls. Conclusions. Although our study excludes a significant association of selected SNPs in these genes with CHD in prehypertension patients, this work suggests that the CTACATAA and CCACATAG haplotypes were associated with CHD in the NOD2 locus. This work suggests that the CTACATAA and CCACATAG haplotypes were associated with CHD in prehypertension patients in the NOD2 locus.
Introduction
Hypertension causes approximately 54% of strokes and 47% of coronary heart disease (CHD) cases, and it is a wellestablished risk factor for coronary atherosclerosis (CAS) [1] . According to the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7), prehypertension is defined as systolic (S) blood pressure (BP) between 120 mmHg and 139 mmHg and/or diastolic (D) BP between 80 mmHg and 89 mmHg [2] . Many studies have demonstrated that prehypertension increases the likelihood of cardiovascular disease and premature morbidity [3] [4] [5] [6] [7] [8] [9] [10] [11] . Furthermore, several largescale cohort studies have reported that prehypertension is an independent risk factor for stroke and CHD [4, 7, 8, 10] . Arima et al. found that prehypertension and hypertension were predictive of developing CHD in an older population in the Asia-Pacific region [12] .
Some of the genetic and pathophysiologic mechanisms that contribute to hypertension also play an important role in prehypertension [13] . Levels of inflammatory factors such as C-reactive protein (CRP) and interleukin-6 (IL-6) are elevated in prehypertensive patients compared with normotensive individuals [14, 15] . Several studies indicate that CRP is a risk factor for CHD, although the association between CRP and CHD was substantially lower after adjustment for conventional cardiovascular risk factors [16] [17] [18] [19] [20] [21] As early as 2003, the Centers for Disease Control/American Heart Association guidelines for CRP testing suggested that values >10 mg/L indicate acute inflammation and have uncertain implications for cardiovascular risk prediction [22] .
Inflammation and the innate immune system are implicated in the development of CHD [23] [24] [25] . In particular, the NOD-like receptor family pyrin domain-containing 3 (NLRP3) inflammasome proteins accelerate the progression of CHD. The NALP3 axis comprises apoptosis-associated speck-like protein containing a caspase recruitment domain (ASC), caspase recruitment domain (CARD), and caspase-1 [26, 27] . Following activation of the inflammasome, IL-1 and downstream factors such as IL-6 act as major inflammatory proteins [28] . Therefore, inflammasome-mediated processes are related to the pathophysiology of CAS [29] .
Inflammatory signaling is considered to be a salient factor in CAS [30, 31] . An accumulating body of evidence from molecular genetic studies demonstrates that individual genetic background contributes to the development of CHD [32, 33] . Inflammation-related genetic variance has been proposed to increase susceptibility to CHD, but this association has not been confirmed. Single nucleotide polymorphisms (SNPs) have a strong influence on plasma levels and the biological activity of their corresponding proteins [34, 35] .
Based on the biologic and pathologic significance of IL-1 [28] , this study analyzed SNPs in the NOD2, NLRP3, and CARD8 genes in patients with prehypertension. The relationship between SNPs in inflammatory genes and the diagnosis, progression, and prognosis of CHD was investigated.
Methods

Study Population.
A total of 8337 patients presented with prehypertension at the General Hospital of Shenyang Military Region between March 2013 and July 2014. Patients with hypertension or normotension ( = 2892) were excluded. All the included patients were aged between 35 and 75 years, with suspected CHD, with/without chest pain, and with/without electrocardiogram (ECG) changes. Patients with chronic kidney disease (CKD), myocardial infarction (MI), coronary revascularization, congenital heart disease, or cerebrovascular diseases were excluded ( = 971). Care was taken to eliminate patients receiving drugs that interfere with BP levels ( = 3858). Patients that refused to undergo coronary angiography were also excluded ( = 40). Data from 576 patients (controls = 281; cases = 295) were finally included. All patients provided written informed consent. The study was conducted in accordance with the Declaration of Helsinki and it was approved by the relevant ethics committee.
Candidate Genes and SNPs
Selection. Tag-SNPs selection and genotyping were retrieved from HapMap database for Han population sample using the 2 -based Tagger program with pairwise 2 ≥ 0.80 and MAF ≥ 5%. The selected tag-SNP sites were listed as follows: rs1077861, rs2111235, rs1861759, rs2067085, rs7205423, and rs8056611. The other SNPs were selected a priori based on human gene transcription profiling, pathway analysis, and inflammation associated SNPs reported in the current literature [34, 35] . The total 15 selected SNPs were rs2043211 and rs10403848 in CARD8; rs1077861, rs2111235, rs1861759, rs2067085, rs7205423, rs8056611, rs3135499, rs4785225, and rs751271 in NOD2; and rs10754558, rs10925027, rs1539019, and rs4612666 in NLRP3.
Clinical and Laboratory Test
Measurements. Demographic information (age, sex, height, and weight), laboratory examinations, echocardiography, and coronary angiography were obtained from hospital records. BP measurement was performed with an automated aeration device after the patient had rested for more than 5 minutes in a sitting position. The mean BP level was calculated from 3 times of separate measurements, according to the JNC 7 guidelines (SBP ranging from 120 mmHg to 139 mmHg and/or DBP ranging from 80 mmHg to 89 mmHg was categorized as prehypertension). Coronary stenosis was defined by a lumen area >50% in patients with CHD.
Blood samples for SNP analyses were collected at a median time of 12 hours after hospital admission, between 8:00 and 10:00 a.m. the next morning. To standardize blood sampling and to avoid any influence of diurnal variations and food intake, all samples were taken after overnight fast.
DNA was extracted from EDTA-anticoagulated whole blood samples. Genotyping was performed with the polymerase chain reaction (PCR) followed by direct sequencing of the PCR products. Data were generated by Bio Miao Biological Technology (Beijing).
Statistical Analysis.
Continuous variables are presented as the mean ± standard deviation (SD) or the median (range) as appropriate. Categorical variables are expressed as percentages (%).Student's -test or Mann-Whitney test was used to compare continuous variables between groups. The 2 test was used to compare the rates of outcomes. Basic data were analyzed using SPSS version 17.0 (SPSS Inc., Chicago, IL). Differences in demographics, variables, and genotypes of the SNPs were evaluated using 2 test. Associations between the fifteen SNPs and CHD risk phenotypes were estimated by calculating odds ratios (ORs) and 95% confidence intervals (CIs) using logistic regression analyses. Bonferroni correction was applied to correct multiple testing. The Hardy-Weinberg equilibrium (HWE) and minor allele frequency (MAF) were determined with Plink software. values <0.05 were considered to denote statistically significant differences between groups. The linkage disequilibrium (LD) block structure was tested by Haploview (version 4.2, Broad Institute, Cambridge, MA) if the MAF was >0.01 and the value of the HWE was >0.05.
values and 2 values for all pairs of SNPs were calculated, and the haplotype blocks were estimated using Haploview.
Results
Baseline Characteristics of Prehypertensive Patients.
A total of 576 prehypertensive patients met the inclusion criteria and underwent selective coronary angiography. The baseline characteristics of patients with and without CHD are shown in Table 1 . There were no significant differences between the two cohorts in body mass index, family history of hypertension, uric acid, triglycerides, or platelet count. Older adult patients with prehypertension had more severe coronary stenosis (58.62±7.68 versus 54.34±8.60, < 0.001), while males with prehypertension had a higher risk of CHD (213 versus 132, < 0.001). Patients with more severe stenosis had higher CRP levels ( = 0.013) and a lower LVEF ( = 0.018). Unhealthy lifestyle habits such as smoking (165 versus 111, < 0.001) and drinking (75 versus 48, = 0.015) were associated with CHD.
Basic Evaluation of the Selected SNPs. None of the 15
SNPs were detected at a frequency of <97%, and the MAFs of these gene SNPs were limited by SNP site selection. Fourteen of these sites displayed good fit with Hardy-Weinberg equilibrium (HWE). While rs2043211 did not fit with HWE, this was possibly because of sample source or sample size, but the reason was not further analyzed. Therefore, this SNP site was not used in subsequent analyses ( Table 2 ). The remaining 14 gene SNP sites had similar frequencies, either alleles or genotypes, to the HapMap gene database (Chinese population; http://hapmap.ncbi.nlm.nih.gov/).
Association between SNPs and Risk of CHD in Prehy-
pertensive Patients. SNPs in the NLRP3, CARD8, and NOD2 genes were analyzed in 576 prehypertensive patients (295 cases and 281 controls), all of whom had undergone coronary angiography. One of nine SNPs in NOD2 was significantly correlated with CHD. However, allele frequencies of the NLRP3 and CARD8 SNPs were not significantly different between CHD patients and controls (Tables 3 and 4) .
Associations between NOD2 SNPs and the Risk of CHD in Prehypertensive
Patients. All nine of the selected NOD2 SNP sites were sequenced after PCR, and genotype distributions were determined in prehypertensive patients. The 2 test was used to compare allele and genotype frequencies between CHD patients and controls. Results are presented as ORs according to logistic regression analysis. Among the nine SNP genotypes, three NOD2 SNPs (rs2111235, rs7205423, and rs8056611) displayed the most significant differences in allele frequency between CHD patients and controls ( = 0.004, 0.003, and 0.008, resp.). The frequencies of the TT, TC, and CC genotypes of the NOD2 gene SNP rs2111235 were 39.32, 49.83, and 10.85%, respectively, in the CHD group and 54.80, 38.08, and 7.12%, respectively, in the control group. Using the TT homozygote genotype as a reference group, the CC genotype was associated with an increased risk of CHD (CC versus TT, OR = 1.458, 95% CI = 1-2.125, = 0.049). But when using Bonferroni correction for multiple comparisons, the associations of rs2111235, rs7205423, and rs8056611 with CHD showed no significance at all. In contrast, there was no relationship between the TC genotype and CHD (TC versus TT, OR = 1.256, 95% CI = 0.771-2.044, = 0.360). In the dominant model, none of the other six polymorphisms exhibited a significant difference in either allele frequency or genotype distributions between CHD cases and controls (Table 3) .
Association between the NLRP3 and CARD8 SNPs and the Risk of CHD in Prehypertensive
Patients. The genotype frequencies of the five NLRP3 and two CARD8 SNPs in prehypertensive patients are listed in Table 4 . Results are expressed as ORs generated from logistic regression analysis.
Comparison of allele and genotype frequencies revealed no significant differences between ACS patients and controls.
Multiple Logistic Regression of Baseline Characteristics
and Candidates Gene SNPs. Based on the results above, we used multiple logistic regression of baseline characteristics and possible candidates allele genes (rs2111235, rs7205423, and rs8056611). The results are listed in Table 5 . None of these possible genes showed significant differences between normal people and ACS patients ( > 0.05).
Disequilibrium and Haplotype Association Analysis of NOD2 SNPs.
Among the LD blocks generated from direct sequencing of CHD cases and controls, the tag SNP (rs2067085) was chosen for genotyping by setting theand 2 value equal to 1. To verify the results, the NOD2 SNPs were sequentially conditioned on the minor allele of each variant. Results demonstrated that rs1077861, rs2111235, rs1861759, rs2067085, rs8056611, rs3135499, rs4785225, and rs751271 displayed significant LD when analyzed by value. When considering 2 values, none except for rs8056611 exhibited significant LD between the NOD2 loci ( Figure 1) . Thus, rs2111235 and rs8056611 displayed LD between these two SNP sites, enabling the possible haplotype to be inferred for two NOD2 SNPs. The risk haplotypes CTACATAA ( = 0.0064) and CCACATAG ( = 0.0126) generated from these six sequences proved to be significantly different between the cases and controls (Table 6 ).
Discussion
In this study, patients with more severe coronary stenosis had higher CRP levels and a lower left ventricular ejection fraction (LVEF). Univariate logistic regression analysis of fifteen SNP candidates revealed that rs2111235 in the NOD2 gene was significantly associated with CHD in the prehypertension population. But further multiple regression has negative outcomes where none of these candidate SNP sites may affect the progression of coronary atherosclerosis in prehypertensive people.
Recent research demonstrated that human atherosclerosis is characterized by higher expression of NALP3-inflammasome-related inflammation factors. For example, NOD2, expressed in endothelial cells, macrophages, and endothelial cells, raised in atherosclerotic lesions, was attributed to transcriptional upregulation in the local inflammatory milieu and massive infiltration of macrophages [36] . Compared with the low levels of inflammation factors in healthy arteries, the activity of human atherosclerosis is associated with these factors' enhanced mediated innate immunity. These were also abundantly expressed in human atherosclerosis plaques. NLRP3 was overexpressed in patients with coronary atherosclerosis and this is proved to be correlated with the severity of coronary artery disease and the atherosclerotic risk factors [37] . NOD2 induced cyclooxygenase-2 (COX-2) expression during macrophage activation which is mediated by IL-1 and TNF- [36] . However, Paramel et al. have provided the notion that the expression of CARD8 in the atherosclerotic plaque is much higher and the polymorphism of CARD8 gene impacts CARD8 expression levels [38] . Another study found that inflammation factors expression levels were higher in coronary arteries versus healthy controls (heart-beating donors). Cases of macroscopically and microscopically proven CHD showed high serum levels of NALP3-inflammasome-related factors in atherosclerotic plaques, especially in areas infiltrated with inflammatory cells [39] . All these results were based on a serum inflammation index rather than genetics. According to gaps in the current knowledge, we decided to investigate SNPs in genes expressing inflammatory proteins. The selection of SNPs relied on the Chinese genome variation database, and the minor allele frequencies were also matched with the selection requirements.
Scarce research has been conducted on the association between inflammasome-related gene SNPs and coronary lesions in prehypertensive patients. To the authors' knowledge, this is the first study to systematically analyze this relationship. It is well established that NALP3-inflammasomerelated factors play an important role in other inflammatory diseases such as Crohn's disease, as indicated by serological indicators and genetics [40, 41] . Although the target disease was different in the present study, there is a large = 0.96, while 2 = 0.14 between SNP1 (rs2067085) and SNP8 (rs4845618).
body of literature on NLRP3, NOD2, and CARD8 SNPs and serum expression products and the correlation with inflammasome protein expression and activation. Similar to other inflammatory diseases, CHD has been demonstrated to involve these mechanisms [29] . Prehypertension is a relatively novel concept, which was proposed just over a decade ago, and research concerning inflammatory pathways in prehypertensive patients was limited. Our study was the first one based on the theory that inflammation contributes to the progression of CHD in prehypertensive patients.
We cannot infer that any of these SNP gene site's alleles increases the susceptibility of prehypertension patients to CHD according to this study. But the distribution of the NOD2 SNP sites rs2067085, rs2111235, rs1861759, rs4785225, rs751271, rs1077861, rs3135499, and rs8056611 was consistent with LD including C in rs2067085, T in rs2111235, A in rs1861759, C in rs4785225, A in rs751271, T in rs1077861, A in rs3135499, and A in rs8056611. Tight linkage formed the CTACATAA and the CCACATAG haplotypes which has been proven to have effects on CHD in prehypertension patients. This may be because haplotype-based association method may be more powerful than the single SNP locus test which has already been proven and the messages taken by the haplotype were much larger than single SNP locus [40, 42, 43] .
The presence of only a limited number of SNPs in NOD2, NLRP3, and CARD8 in this patient population indicates that these genes are highly conserved. The characteristics associated with SNP sites in these genes in prehypertensive patients have also not been described previously. In this study, we do not find SNPs identified in CHD and non-CHD patients in the Chinese prehypertension population. But we have noticed that the NOD2 gene SNPs rs2067085, rs2111235, rs1861759, rs4785225, rs751271, rs1077861, rs3135499, and rs8056611 exhibited significant LD. The association between NOD2 haplotype and CHD in the prehypertensive population requires further research.
Limitations
This study has some limitations, including the small cohort size and the recruitment of patients from a single center. It is possible that significant results will be observed in multicenter studies with larger sample sizes. Second, the severity of coronary artery lesions was only evaluated by coronary angiography, which does not produce extensive data on the plaque burden of CHD. Also, the cases and controls were identified according to only one coronary angiography, which might introduce misclassification of cases and controls. Further studies using coronary computed tomography and/or intravascular ultrasound may provide more comprehensive information about the severity of CHD. This study used retrospective data, but more prospective, observational studies are necessary in the future.
Conclusions
The CTACATAA and CCACATAG haplotypes of the NOD2 SNPs were related to CHD in prehypertensive patients. It was also found that prehypertensive patients with higher serum levels of CRP had a higher risk of CHD.
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